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Efficiency of the New Zealand white rabbit as a host for infectinig larval Ixodes dammini, I.
pacificus, and I. ricinus with Lyme disease spirochetes was evaluated. Rabbits inoculated with
infected midgut suspensions of I. dammini from Shelter Island, New York, or fed upoIn by in-
fected ticks from the same area, responded with spirocheteinias of sufficient concenitrationis to
infect as many as 30 percent of the ticks. When infected ticks were used as indicators, it ap-
peared that spirochetemias persisting for up to ten days occurred as early as the tenith day after
inoculation or feeding of ticks.
INTRODUCTION
The New Zealand white rabbit (Oryctolagus cuniculus) has been shown [1;
Burgdorfer W: unpublished information] to be a suitable host for maintaining col-
onies ofIxodesdammini, I. pacificus, andI. ricinus, the three species ofixodid ticks
found to be carriers of Lyme disease spirochetes [2]. In the course of our studies,
hundreds of field-collected male and female ticks of those three species were fed on
rabbits not oniy to determine the susceptibility of this animal to the spirochete but
also to establish tick colonies for experimental investigations.
As reported previously [3,4], the feeding of I. dammini from Shelter Island, New
York, and of I. ricinus from the Seewald forest in Switzerland, appeared to have no
immediate adverse effects on the rabbits; all attempts to detect spirochetes
microscopically in thick drops and thin smears ofperipheral blood taken daily for 14
days after placement of ticks, failed. However, from as early as four to 12 weeks
after the ticks had engorged and dropped from the hosts, skin lesions appeared on
the back and sides of each rabbit, but rarely at the site of tick feeding. At first, the
lesions were small annular papules, that gradually enlarged to annular and irregu-
larly shapederythematous areas up to 5 cm in diameter and surroundedby a narrow,
dark-red border. In most affected rabbits, lesions persisted for at least eight to 12
weeks before they gradually faded and disappeared.
Because only rabbits with cutaneous lesions developed high titers of antibodies to
the Lyme disease spirochete, I thought the lesions might be a clinical manifestation
of a spirochete-related disease. This observation led us to determine whether normal
L dammini, L pacificus, and L ricinus would become infected when fed on such rab-
bits. The results of this study are the subject of this paper.
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The New Zealand white rabbits were from the Junelove Rabbitry in Missoula,
Montana. Upon arrival at the Rocky Mountain Laboratories, each rabbit was tested
by indirect immunofluorescence for antibodies to the Lyme disease spirochete and
was found to be negative.
Two rabbits were inoculated intravenously and intraperitoneally with 0.5 ml of a
suspension prepared from midgut tissues of five infected L dammini females
(Shelter Island, New York) triturated in 3.0 ml of 1/15 M phosphate-buffered
saline, pH 7.0. Spirochetal infections in these ticks were demonstrated by darkfield
microscopy of dissected midgut tissues.
In one additional experiment, ten infected L dammini females, contained in a
metal capsule, were allowed to feed on the shaven abdomen of a rabbit. The ticks
originated from a Shelter Island focus (Hilo Drive), where 83 percent of those ex-
amined were found to have spirochetes. After each tick became engorged, it was
dissected and examined by darkfield microscopy; all ten had spirochetes in their
midgut diverticula.
At varying intervals after the rabbits had been inoculated or exposed to infected
ticks, several hundred larval I. dammini, I. pacificus, or I. ricinus, derived from
normal ticks, were placed freely on each rabbit for feeding. To prevent escape of
ticks unwilling to feed and to collect engorged ticks, each rabbit was put in a wire
cage over a tray of water. Engorged larvae were collected daily and stored in cotton-
stoppered vials in desiccator jars (90 to 100 percent relative humidity) until they had
molted to nymphs. When ready for examination, about six to eight weeks after
molting, they were evaluated for spirochetal infections by direct fluorescent an-
tibody staining of tissue smears. Conjugates were prepared according to Peacock et
al. [5] from sera of rabbits that had been immunized with the Shelter Island isolate
of the spirochete.
RESULTS
Exposure of the rabbits to Lyme disease spirochetes either by inoculation of in-
fected tick tissues or by feeding of infected ticks resulted in spirochetemias of suffi-
R No 3550: Suspension of 5 +++ I. dammini (Shelter Island)
+ + ++ ~+ **+
(days 4 through 9) 1/20 4/20 3/20 4/20 0/20 0/20 0/10
0/150*** (5) (20) (15) (20)
1 2 3 4 5 10 11 12 13 14 15 16 17 18 19 20 days
* : Placement of normal I. dammini larvae
** : Engorged I. dammini larvae off
Number of infected ticks over number of ticks examined
(% in parenthesis)
FIG. 1. New Zealand white rabbit used to infect larval Ixodes dammini with Lymne disease spirochetes
(Shelter Island, New York).
610 WILLY BURGDORFERWHITE RABBIT-SOURCE OF SPIROCHETES FOR TICKS
R No 3501: Suspension of 5 +++ I. dammini (Shelter Island)
+ + + + + + + +
3/10 5/20 3/20 0/5 8/40 2/40 10/40 1/20
(30) (25) (15) (20) (5) (25) (5)
1 2 3 4 5 10 11 12 13 14 15 16 17 18 19 20 days
*: Placement of normal I. ricinus larvae
** : Engorged I. ricinus larvae off
***: Number of infected ticks over number of ticks examined
(% in parenthesis)
FIG. 2. New Zealand white rabbit used to infect larval Ixodes ricinus with Lymne disease spirochetes
(Shelter Island, New York).
cient concentrations to infect variable percentages of larval I. dammini, L pacificus,
and L ricinus.
Figure 1 summarizes the results for larval L dammini that were placed on rabbit
No. 3550 on days 1, 3, 5, 11, 13, and 14 after it had been inoculated with infected
midgut suspensions. None of 150 ticks that had fed during the first nine days after
inoculation became infected. On the other hand, spirochetal infections were
detected in 12 of 80 (15 percent) ticks that had become engorged by the twelfth
through fifteenth day after inoculation of the rabbit. Ticks that had dropped later
were negative. Because larval L dammini requires three to five days' feeding before
they become replete, concentrations of spirochetes sufficient to infect ticks most
likely had been circulating in the rabbit's peripheral blood on about the tenth
through the fourteenth day after inoculation.
Rabbit No. 3501 also had been infected by inoculation of spirochete-containing
midgut suspensions. It had a far longer and possibly heavier spirochetemia. As in-
dicated in Fig. 2, 32 of 195 (16.4 percent) I. ricinus larvae that had completed
engorgement and had dropped from the thirteenth through the twentieth day after
inoculation were infected when examined as nymphs, suggesting a spirochetemia of
at least eight days.
R No 3441: Feeding by infected I. dammini females (Shelter Island)
+* + + + + + + + +
0/40 0/40 Oi50 0/40 0/20 0/20 7/40 2/40 6/40
(17.5) (5) (15)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 days
a : Placement of normal I. pacificus larvae
: Engorged I. pacificus larvae off
**: Number of infected ticks over number of ticks examined
(X in parenthesis)
FIG. 3. New Zealand white rabbit used to infect larval Ixodespacificus with Lymne disease spirochetes
(Shelter Island, New York).
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Figure 3 summarizes the results for L pacificus larvae offrabbit No. 3441 that had
been exposed to the feeding often L dammini females from the Hilo Drive focus on
Shelter Island, New York. None of 12 larvae that had been placed on the rabbit for
feeding on days 1, 3, and 5 became infected. The spirochetemia occurred later, as
indicated by the presence of spirochetes in 15 of 120 (12.5 percent) ticks that had
become completely engorged by the fifteenth through the seventeenth day.
DISCUSSION
These limited, preliminary observations confirm that the New Zealand white rab-
bit is susceptible to the Lyme disease spirochete and suggest that this laboratory
animal is a suitable host for the experimental infection of the hitherto recognized
tick vectors, I. dammini, L pacificus, and L ricinus. Even so, only low percentages
ofticks became infected, whereas in certain natural foci, such as Shelter Island, New
York, up to 100 percent of ticks were found to harbor spirochetes [Burgdorfer W,
Benach JL: unpublished information]. This disparity suggests the existence in nature
ofanimal hosts that have spirochetemias ofgreater concentrations and possibly also
of longer duration than those recorded in laboratory rabbits. This assumption is
strongly supported by previously reported evidence suggesting that generalized in-
fection of ticks leading to transovarian transmission is rare; when it occurs, it does
not result in filial ticks with generalized spirochetal infections, only restricted ones.
Undoubtedly persistence and development of spirochetes in their tick vectors
depends on the number of spirochetes ingested. Ticks feeding during peak
spirochetemias may readily become infected, whereas those ingesting few
spirochetes may not. A "minimal dosage requirement" similar to that for other
arthropod-borne disease agents may exist.
The present study was limited to infecting rabbits with Lyme disease spirochetes
from Shelter Island, New York. As yet, we do not know whether spirochetes in the
same species of ticks from other geographic regions behave similarly in this
laboratory animal. We also do not know whether spirochetes in I. pacificus from the
west coast or in L ricinus from Switzerland produce spirochetemias of similar dura-
tions and magnitudes in rabbits. Indeed, it would not be surprising to find
remarkable differences in the biological behavior (pathogenicity, virulence) of these
microorganisms in view of the differences in parasite/vector/host relationship(s).
So far, Lyme disease spirochetes have been recovered from deer, raccoons, and
deer mice [6,7], but as yet there is no information on the duration and concentra-
tion ofspirochetemias that occur in these tick hosts. Thus, for now at least, the New
Zealand white rabbit appears to be a suitable animal for continued investigations on
the parasite/vector relationships of these spirochetes.
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